Abstract: In recent years, a measurement method for analyzing the spectral property of object using phase variable filter is developed. Then, value of the interferogram fluctuates by influence of disturbance. In this case, the correct spectral characteristics cannot be acquired. In this paper, our method estimates the disturbance input to phase variable filter based on the disturbance observer, and then control the motion of the movable mirror of the phase variable filter by controlling the piezo actuator. Through experiments, we show the validity of our proposed method.
INTRODUCTION
Recently, research of analyzing the spectroscopic character of sample object based on the spectrometric device is advanced. The spectrometry is a method for measuring the composition of sample object with the examining absorbed light. It's expected that the spectrometry is applied in the field of the medicine and the atmosphere observation since it is possible to measure the sample composition without contact and destruction. The spectrometric device uses the interference of light that is generated by small moving of the optical phase shifter. That is, the measurement accuracy is influenced by the moving accuracy of phase shifter. Therefore, research for the enhancing resolution of driving actuator or research of high-accuracy positioning control of actuator is advanced. However, these aren't considering influence of disturbance. For example, in order to reduce the disturbance, some of experiments are tried in environment of low-vibration such as basement. Therefore, the control system which can eliminate the influence of disturbance is necessary for the increasing accuracy of measurement.
In this paper, we propose a method of the disturbance rejection control system for the optical interferometer with high accuracy and then show a new concept of the disturbance observer (see, References: Ohnishi, K. (1993) and Smadi, I. A. et al. (2009) ) for piezo actuator. In here, a control object is phase variable filter (see, Reference: Inoue, Y. et al. (2006) ). The phase variable filter is developed by coauthors and is a key part of the spectrometric device. It has a movable mirror part which consists of a piezo actuator (see, References: Higuchi, T. et al. (1988) , Wakui, S. (1997) and Yoshida, R. et al. (1999) ) and a mirror, and is a kind of the phase shifter for Fourier spectroscopy. Especially, the movable mirror part needs position accuracy of the nano scale. However, the structure of phase variable filter is very sensitive for the influence of disturbance. That is, the values of measurement results are fluctuated. The measurement light is the visible light which is 400 to 800 [nm] wavelength bands. In this case, we need to set the precision of the phase shifter to less than 200 [nm] . However, it is difficult to control with high accuracy the phase variable filter under environment with disturbance. To solve this problem, we introduce the positioning control system with the disturbance observer to the piezo actuator. Through experiments we evaluate the validity of our method.
SPECTROSCOPIC MEASUREMENT DEVICE
In this chapter, we show composition of the phase shifter which we develop and introduce the measurement method of Fourier spectroscopy.
Phase Variable Filter
The movable mirror part of phase variable filter consists of the part of the mirror and the piezo actuator as shown in Fig.  1 
Fourier Spectroscopy
In here, we explain a measurement method of Fourier spectroscopy. First, we design the optical system in path that the rays of light from the measurement object is half irradiated to the movable mirror and the fixed mirror. Next, we move the movable mirror of phase shifter by the piezo actuator. Therefore, we can generate the difference of the optical length between the reflected light of the fixed mirror and the reflected light of the movable mirror. Further we can see the phase difference between these lights and measure the brightness value of the interference figure that is generated by the interference of the phase difference lights with the photodiode. Then, we can have the interferogram that is the relation graph of the phase shift value of movable mirror to the interference intensity since the brightness value measured by the photodiode is equal to the interference intensity. The interferogram shows the summing light wave of the varied wavelength. Then, using Fourier transformation we calculate the spectroscopic characters which are relating the wavelength to the relative intensity. Namely, we have to measure both of the interferogram and the spectroscopic character based on precise control of the piezo actuator.
CONTROL SYSTEM OF PHASE VARIABLE FILTER
In this chapter, we show an adaptation method of disturbance observer to the piezo actuator mounted on the phase variable filter and setup the control system of phase variable filter with the disturbance observer. The disturbance observer is an observer which can estimate error within the device and the external force based on the difference between input value and output value. These parameters are designed beforehand from the model of control object. Recently years, the disturbance observer is used in wide fields of motion control. The purpose of commonly-used disturbance observer is the controlling of the electric motor. But, we use the piezo actuator in this paper. Therefore, we have to adapt the disturbance observer to the piezo actuator. We don't have to use the current value as the control value since the piezo actuator is driven by the voltage value. Therefore, we aren't able to use the velocity value and the acceleration value too. Then, we define that the control value of disturbance observer isn't torque like the electric motor but the position value z. Therefore, we propose the following concept to disturbance observer.
Based on (1)- (2) and Fig. 2 , we introduce our disturbance observer.
where let G r be the coefficient of a transfer ratio between the command displacement value and the actual displacement value of the piezo actuator. Let G e be the coefficient of a transfer ratio between the actual displacement value and the measuring value of displacement sensor. Further, G rn and G en shows the nominal values of each parameter. ∆G r and ∆G e means the error values between each nominal value and the actual value, respectively. Let z l be the error displacement value, which presents an external input to control system such as disturbance (see, Fig. 2 ). In here, let the nominal value of each parameter G rn and G en set 1. This means that the control object works with direction of the disturbance observer. The sensor value of commonly-used disturbance observer is the angular velocity value and the control value of this disturbance observer is torque which is calculated by the angular acceleration value. Therefore, we have to differentiate to the angular velocity value that is measured by the sensor. However, in our proposed disturbance observer, both of the control value and the sensor measurement value are the displacement values. Thus, we don't have to differentiate to the sensor measurement value. Therefore, we don't have to eliminate the high-frequency noises and don't have to mount the low-path filter in our disturbance observer. Since G rn =1, it does not occur that the gain value of our proposed disturbance observer diverges to infinity. We show the block-diagram of control system that contains of the movable mirror and our proposed disturbance observer as shown in Fig. 2. In Fig. 2 , the control object in dashed line area is the piezo actuator S-325.3SL. We use internal strain gauge sensor of S-325.3SL as the sensor for the displacement value of the movable mirror. The strain gauge sensor cannot detect the displacement value in the case that S-325.3SL isn't driven. Thus, we have to input the disturbance value as the command value in order to move S-325.3SL. In here, we input the disturbance on the position of z l shown in Fig 2. Next, we make the low-path filter whose cut-off frequency is 1.6 [kHz] on the electric circuit, because we have to suppress the fluctuation of the measured value of the strain gauge sensor. Further, we introduce PID control (see, Reference: Shibata, T. et al. (2008) ) into the feedback system of the estimated disturbance value using (3) and (4). Because of S-325.3SL has the high following control capability. The command value of S-325.3SL is almost equal to internal strain gauge sensor. It means that the capability of S-325.3SL is high.
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where K P shows the gain of proportional control, K I denotes the gain of integral control and K D presents the gain of derivative control. Now, z P , z I and z D are each control values of PID control. Equation (3) means the calculation method of each control values and (4) shows that the actual feedback value is the summation of each control values. Now, we present the block-diagram with both of PID control and the disturbance observer as shown in Fig. 3 . 
EXPERIMENTAL RESULTS
In this chapter, we drive the phase variable filter based on the control system that is approached at previous chapter. Further, we construct Michelson interferometer (see, Reference: Michelson, A. A. et al. (1887) ) as described in Section 2.2 on the optical stand. Then, we measure the interferogram. The interferogram means the relation phase shift value that is generated by the driving of movable mirror and the brightness value of the interference figure as described in Section 2.2. In experiment, we use He-Ne laser as the light source of Michelson interferometer and then get the brightness value of the interference figure using the photo diode (see, Fig. 4) . First, we move the piezo actuator and generate displacement value as the reference phase shift value. Here, let the maximum command phase shifter value be 28 [μm] and the command value of velocity be 1 [μm/s]. According to this setup, we measure the interferogram of the light source as our reference value. Next, we measure the interferogram in the case where we input the disturbance value into the reference phase shift value on program. Then, we verify the effect of our disturbance observer. The reason why we input the disturbance on program is that since the strain gauge sensor is internal sensor of S-325.3SL, it does not detect the signal under no-input information. Namely, it means that the strain gauge sensor is not able to measure the displacement value when S-325.3SL isn't driven. In this experiment, we use the sine curve which has 0.1 [μm] amplitude and 3.6 [s] cycles as the periodic disturbance. The amplitude of this sine curve is given by result of experiment that we make the vibration on the floor as the disturbance and measure the displacement value of the mirror on the optical stand. As the result of this experiment, we measured about 100 to 150 [nm] maximum displacement value of mirror as error. We selected the period of this sine curve based on that we select the period of most effective disturbance in the interferogram. Next, we make the disturbance observer as described in Chapter 3 into the control system of S-325.3SL and eliminate the disturbance that is input into the movable mirror. Here, PID control has the following parameter values. Proportional control gain is 0.735, integral control gain is 0.0005 and derivative control gain is 0.00001. According to these parameters and the control system shown in Fig. 3 , we measure the interferogram and evaluate the availability of our proposed disturbance observer.
In Fig. 5 to Fig. 7 , we show the interferograms that are measured as based on the experimental methodology. Fig. 5 shows the reference interferogram of the light source. Fig. 6 is the interferogram of the light source when we input the disturbance into the command value. Finally, Fig. 7 is the interferogram of the light source in the case where we input the disturbance and our proposed disturbance observer in the control system of the movable mirror. It follows from Fig. 5 that the brightness value of the interference figure changes in response to changes in the phase shift value at a constant frequency. Interferogram is the summation of the varied wavelength light waves. That is, the brightness value of the interference figure changes at a constant frequency. In this experiment, we use He-Ne laser which has the wavelength 632.8 [nm] . Namely, it says from Fig. 5 that we can see the precise interferogram data of the light source He-Ne laser. Next, we know the difference of the interferogram frequency between Fig. 5 and Fig. 6 which is the interferogram with the disturbance. Specifically, the interferogram with the disturbance has the dense and coarse parts. This difference is generated by the displacement value of the movable mirror that is influenced by the sine curve as the disturbance value. The phase shift value is increase and the interferogram is come to coarse, when the displacement value is generated the positive sense of the reference phase shift value by the disturbance. On the other hand, the phase shift value is decrease and the interferogram is come to coarse, when the displacement value is generated the negative sense of the reference phase shift value by the disturbance. The displacement value of the movable mirror that is generated by the sine curve is generated periodically the positive and negative sense of the reference phase shift value. Thus the interferogram with disturbance is generated periodically as shown in Fig. 6 . Finally, it follows from comparison of between Fig. 7 and Fig.  6 that frequency error which is generated by the disturbance decreases. Further, we can see that frequency of Fig. 7 is closing to Fig. 5 . As a result it says that our proposed disturbance observer gives the influence to the accuracy of the interferogram and can eliminate the partial influence of the disturbance. 
CONCLUSIONS
In this paper, we measured the interferogram using the phase shifter that includes the disturbance observer. Then, it follows from experimental result that we can eliminate the partial influence of the disturbance based on the feedback control system with the estimated disturbance value. Namely, we verified the effectiveness of disturbance rejection in interferogram information. Therefore, we say that we can setup high accuracy spectrometry device without the influence of disturbance.
As the future work, in order to have more precise interferogram data we use the brightness value that is given by the photodiode as the control value. Further, we consider new method of rejection disturbance that don't use the displacement sensor. In this paper, we estimated only translation of mirror as disturbance. As next step, we would like to expand the estimating object to the rotation of the movable mirror as the disturbance. Further, we try to abbreviate the sampling time in order to increase effectiveness of the disturbance rejection.
